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(54) NOVEL DNA FRAGMENTS ORDERING GENE EXPRESSION PREDOMINANT IN FLOWER 
ORGAN 

(57) An object of the present invention is to provide 
a novel DNA sequence having a flower organ-specific 
promoter activity which makes it possible to express a 
foreign gene specifically in pistil or lodicule, thus ena- 
bling genetic manipulation. The present invention pro- 
vides a DNA fragment comprising the sequence of 
positions 1 to 5369 In the nucleotide sequence repre- 
sented by SEQ ID NO:2 in -Sequence Listing, the 
sequence of positions 3335 to 5108 therein, a part of 
these sequences or a sequence derived from these 
sequences by deletion, substitution, insertion or addi- 
tion of one or more nucleotides and having a promoter 
activity; and a flower organ-specific promoter sequence 
which can be identified from among sequences 
obtained by screening a genomic library of rice or other 
plants by using as a probe the nucleotide sequence as 
described above or a part thereof. 
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Description 
TECHNICAL FIELD 

5 [0001 ] Hiis invention relates to a promoter capable of directing the expression of a foreign gene specifically in flower 
organs. 



10 [0002] Although there have been reported several genes expressed In flower organs including anther-specrfic genes 
and pistil-specific ones, the promoter sequences of these genes are poorly understood. Regarding dicotyledons, Mari- 
ani et al. (Nature. 347. 737-741 . 1 990) report analysis on the expression site of a promoter of a tobacco anther tapetal 
cell-specific gene TA29, while Goldman et al. (The EMBO Journal 13, 2976-2984, 1994) report the isolation of a 
tobacco pistil stigma-specific gene STIG1 and analysis on the expression site of its promoter. In these reports, it is also 

15 stated that male sterile and female sterile tobacco plants were constructed each by linking a bacterial RNase to the pro- 
moter and transferring it into plant cells, thus providing an example of artificial manipulations of physiological and mor- 
phological characteristics with the use of a tissue-specific promoter. Regarding monocotyledons, on the other hand, 
there have been reported some cases of the isolation of anther-specific promoters but no pistil-specffic promoter so far. 
For example. JP (Kohyo) HE! 6-50491 0 reports the isolation of a rice anther-specific gene, its promoter and use thereof, 

20 while Tsuchiya et al. (Plant Mol. Biol. 26, 1 737-1746, 1994) report analysis on the expression of a rice immature anther 
tapetal cell-specific promoter. 

[0003] Promoters exhibiting expression specifically in flower organs are desired in order to artificially improve the mor- 
phology of plant flower organs, in particular, germ organs or physiological phenomena or to analyze functions of various 
genes in flower organs. In monocotyledons which represent major cereals, however, few genes expressed exclusively 
25 in flower organs have been isolated hitherto. In particular, there has been reported no promoter sequence showing pre- 
dominant expression in pistil which is the female germ organ or lodicule which regulates flowering. 

DISCLOSURE OF THE INVENTION 

30 [0004] An object of the present invention is to provide a novel DNA sequence having a flower organ-specific promoter 
activity which makes it possible to express a foreign gene specifically in pistil or lodicule, thus enabling genetic manip- 
ulations which were impossible in the prior art particularly in monocotyledons. 

[0005] To achieve the above-described object, the present inventors have conducted extensive research and. as a 
result, succeeded in the isolation and identification of a clone showing flower organ-specific expression through a dif- 
^ 35 ferential screening of a paddy rice pistil cDNA library with the use of a pistil probe and a leaf probe, thus completing the 
present invention. 

[0006] In the first aspect, the present*invention provides a DNA fragment comprising the sequence of positions 3335 
to 5108 in the nucleotide sequence represented by SEQ ID NO:2 in Sequence Listing, a part of said sequence or a 
sequence derived from said sequence. by deletion, substitution, insertion or addition of one or more nucleotides and 
• 40 having a promoter activity. 

[0007] In a preferred embodiment of the present invention, it provides a DNA fragment wherein a part of the sequence 
of positions 3335 to 5108 in the nucleotide sequence represented by SEQ ID NO:2 is located downstream of the point 
of at least 500 nucleotides upstream of the transcription initiation points (the nucleotides of positions 4995 to 4997 in 
the nucleotide sequence represented by SEQ ID NO:2). 
45 [0008] In another preferred embodiment of the present invention, a DNA fragment is provided wherein a part of the 
sequence of positions 3335 to 5108 in the nucleotide sequence represented by SEQ ID NO:2 is located in the region 
upstream of the first initiation codon (the nucleotides of positions 501 6 to 501 8 in the nucleotide sequence represented 
by SEQ ID NO:2). 

[0009] In another prefened embodiment of the present invention, a DNA fragment is provided wherein the region 
50 upstream of the initiation codon is located downstream of the point of at least 500 nucleotides upstream of the transcrip- 
tion initiation points. 

[0010] In another preferred embodiment of the present invention, a DNA fragment is provided wherein a part of the 
sequence of positions 3335 to 5108 in the nucleotide sequence represented by SEQ ID NO:2 is located in the region 
upstream of transcription initiation points (the nucleotides of positions 4995 to 4997 in the nucleotide sequence repre- 
ss sented by SEQ ID NO:2). 

[0011] In another preferred embodiment of the present invention, a DNA fragment is provided wherein the region 
upstream of the transcription initiation points is the region of at least 500 nucleotides upstream of the transaiption ini- 
tiation points. 
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[0012] In another preferred embodiment of the present Invention, a DNA fragment is provided comprising the 
sequence of positions 3335 to 5108 in the nucleotide sequence represented by SEQ ID NO:2 in Sequence Listing or a 
sequence derived from the above sequence by deletion, substitution, insertion or addition of one or more nucleotides 
and having a promoter activity. 

5 [001 3] In the second aspect, the present invention provides a DNA fragment comprising the sequence of positions 1 
to 5369 in the nucleotide sequence represented by SEQ ID NO:2 in Sequence Listing, a part of said sequence or a 
sequence derived from said sequence by deletion, substitution, insertion or addition of one or more nucleotides and 
having a promoter activity. 

[0014] In a preferred embodiment of the present invention, a DNA fragment is provided wherein a part of the 
10 sequence of positions 1 to 5369 in the nucleotide sequence represented by SEQ ID NO:2 is located downstream of the 
Hindlll site (the nucleotides of positions 3335 to 3340 in tiie nucleotide sequence represented by SEQ ID NO:2). 
[0015] In another preferred embodiment of the present invention, a DNA fragment is provided wherein a part of the 
sequence of positions 1 to 5369 in the nucleotide sequence represented by SEQ ID NO:2 is located downstream of the 
point of at least 500 nucleotides upstream of transcription initiation points (the nucleotides of positions 4995 to 4997 in 
IS the nucleotide sequence represented by SEQ ID NO:2). 

[0016] In another preferred embodiment of the present Invention, a DNA fragment is provided wherein a part of the 
sequence of positions 1 to 5369 in the nucleotide sequence represented by SEQ ID NO:2 is located upstream of the 
third Bgl II site (the nucleotides of positions 5103 to 5108 in the nucleotide sequence represented by SEQ ID NO:2). 
[001 7] In another preferred embodiment of the present invention, a DNA fragment is provided wherein a part of the 
20 sequence of positions 1 to 5369 in the nucleotide sequence represented by SEQ ID N05 is located in the region 
upstream of the first Initiation codon (the nucleotides of positions 5016 to 5018 in the nucleotide sequence represented 
by SEQ ID NO:2). 

[0018] In another preferred embodiment of the present invention, a DNA fragment is provided wherein a part of the 
sequence of positions 1 to 5369 in tiie nucleotide sequence represented by SEQ ID N02 is located upstream of the 
25 transcription initiation points (the nucleotides of positions 4995 to 4997 in tiie nucleotide sequence represented by SEQ 
IDNO:2). 

[0019] In another preferred embodiment of the present invention, a DNA fragment is provided connprising tiie 
sequence of positions 1 to 5369 in the nucleotide sequence represented by SEQ ID NO:2 in Sequence Usting or a 
sequence derived from said sequence by deletion, substitution, insertion or addition of one or more nucleotides and 
30 having a promoter activity. 

[0020] In the third aspect, tiie present invention provides a chimeric DNA sequence comprising a DNA fragment of 
the present invention having a promoter activity as described above and a desired structural gene under the regulation 
of the same. 

[0021 ] In the fburtii aspect, the present invention provides a transformation vector having a chimeric DNA sequence 
35 according to the present invention as described above. 

[0022] In the fiftii aspect, the present invention provides a DNA fragment having a flower organ-specific promoter 
activity which is hybridizable witii the sequence of positions 1 to 5369 in the nucleotide sequence represented by SEQ 
ID NO:2 in Sequence Listing or a part of the sequence having a flower organ-specific promoter activity. In a preferred 
embodiment of the present invention, hybridization is performed under conditions with a moderate hykjridization inten- 
se sity. 

[0023] In the sixth aspect of the present invention, a flower organ-specific promoter sequence is provided which can 
be identified on the basis of a DNA sequence obtained by screening a genomic DNA library of rice or other plants by 
using as a probe the nucleotide sequence represented by SEQ ID NO:1 in Sequence Usting or a part of said sequence. 
In a preferred embodiment of tiie present invention, screening is performed under conditions witfi a moderate hybridi- 
45 zation intensity. 

[0024] In tiie sa/entii aspect of the present invention, a DNA fragment is provided comprising a sequence having at 
least 15 consecutive nucleotides in ttie sequence from positions 22 to 1278 of the sequence represented by SEQ ID 
NO:1 in Sequence Listing or a nucleotide sequence connplementary to said sequence. 

50 BRIEF DESCRIPTION OF THE DRAWINGS 

[0025] 

Fig. 1 is a photograph showing the results of Northern analysis on RPC213, 
55 Fig. 2 consists of photographs showing the results of RT-PCR analysis on RPC213. 

Fig. 3 is a drawing illustrating comparison of the restriction maps of RPC213 and RPG106. 
Fig. 4 is a drawing illustrating tiie nucleotide sequence around the transcription initiation points. 
Fig. 5 is a photograph showing tiie results of primer extension analysis. 
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Fig. 6 is a model view showing a procedure for constructing vectors for analyzing the promoter expression. 
Fig. 7 consists of graphs showing the results of the GUS-analysis with regard to expression sites of 213 promoter. 
Fig. 8 consists of photographs showing exenrplary results of the GUS-analysis with regard to expression sites of 
213 promoter. 



PREFERRED MODE FOR CARRYING OUT THE INVENTION 
[0026] Now. the present invention will be described in greater detail. 

[0027] As described above, one of the inventions produced by the present inventors relates to a DNA fragment com- 
10 prising the sequence of positions 1 to 5369 in the nucleotide sequence represented by SEQ ID N0:2 in Sequence List- 
ing, the sequence of positions 3335 to 5108 therein, a part of said sequences or a sequence derived from said 
sequences by deletion, substitution, insertion or addition of one or more nucleotides and having a promoter activity. 
[0028] The promoter sequence of the present invention, namely, the sequence comprising the nucleotides of positions 
1 to 5369 in the sequence represented by SEQ ID N0:2 has no homology to any known promoter sequence. Thus, this 
15 sequence is considered to be a novel promoter sequence. 

[0029] The DNA fragment of the present invention has a promoter activity specific to flower organs. The term llower 
organ-specrf ic promoter activity" as used herein means that the expression of the promoter activity of the DNA fragment 
of the present invention in flower organs (immature pistil in earing period, mature pistil in flowering period, lodicule, and 
palea and lemma) is more prominent than in other organs. In the reverse transcription PGR experiment performed in 
20 Examples as will be shown hereinafter, the expression levels in the organs other than these flower organs were less 
than 1/100 of the expression level in immature pistil. In this case, examination was made of anther in flowering period, 
leaf and root about 1 month after sowing, immature seed 1 to 2 weeks after fertilization, germinating seed, and callus, 
in addition to the three flower organs as described above (Figs. 1 and 2, Table 1). 

[0030] The nucleotide sequence represented by SEQ ID NO:2 in Sequence Listing has the following characteristics. 

25 

1 . It has 3 consecutive transcription initiation points consisting of nucleotides, from upstream, C (cytosine), A (ade- 
nine) and A (adenine) (i.e., nucleotides of positions 4995 to 4997 in the sequence represented by SEQ ID NO:2). 

2. There is a TATA box-like sequence (S^-TATAAA-S*) (nucleotides of positions 4964 to 4969 in the sequence repre- 
sented by SEQ ID NO:2) (Corden et al. Science 209. 1406-1414. 1980) 31 bp upstream of the most upstream tran- 

30 scription initiation point C (cytosine). 

3. The first initiation codon ATG' (nucleotides of positions 5016 to 5018 in the sequence represented by SEQ ID 
NO:2) is located 21 bp downstream of the most upstream transcription initiation point C (cytosine). 

4. The second ATG Is located in the same reading frame 273 bp downstream of the first initiation oodon. while an 
intron sequence of 81 bp is located between them. 



[0031] In the present.inventiorHirreglons upstream of the presumed structural gene regions (although we do not 
exclude a possibly that these regions may include some part of the 5*-termlnus region of the structural gene), namely, 
the sequence consisting of the- nucleotides of positions 1 to 5369 and the sequence consisting of the nucleotides of 
positions 3335 to 5108 in the nucleotide sequence represented by SEQ ID NO:2 are specified as promoter sequences. 
40 Moreover, sequences comprising.a.part of these sequences fall within the scope of the present invention, so long as 
they have promoter activity. For exanple, it is expected that the region of positions 1 to 4994 arKi the region of positions 
3335 to 4994 have a promoter activity.-since the transcription initiation point Is located at position 4995 as described 
above. 

[0032] Moreover, said latter sequence consisting of the nucleotides of positions 3335 to 5108 in SEQ ID NO:2 was 
45 specified as a promoter sequence, since a Hindlll cleavage site is located at position 3335 by chance. Therefore, it is 
well anticipated that a sequence starting from a nucleotide somewhat downstream will have the promoter activity too. 
This is so because a number of reports Indicate that the tissue- or time-specificity or indudbllity of most plant promoters 
is sustainedily contained In the region of 0.3 to 0.4 kbp which precedes the transcription initiation point. In the promoter 
of type II glutelin gene of rice, for example, the tissue- and time-specific expression in albumen was fully achieved by a 
50 441 t)p fragment of the upstream region of the transcription initiation point (Takaiwa et al. Plant MoL Biol. 16:49-58, 
1991). In the promoter of self-incompatibility-related gene SLG13 of Brassia oleracea, the 41 1 bp upstream region of 
the transcription initiation point directed the expression in pistil and pollen (Dzelkalns et al. The Plant Cell 5: 855-863. 
1993). In the promoter of anionic peroxidase gene of tomato, the organ-specificity as well as the pathogen and wound- 
Inducibility were determined by the 358 bp upstream region of the transcription initiation point (Mohan et at Plant Mol. 
55 Bid. 22: 475-490, 1 993). Thus, it is observed in a number of promoters that a part of the reported nucleotide sequence 
maintains the full function as a promoter, in particular, the specificity, if only said part is the region located within several 
hundred bp upstream of the transcription initiation point 

[0033] Accordingly, any sequence comprising a DNA fragment from the region within several hundred bp, preferably 
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about 500 bp, upstream of the transcription initiation points and having the flower organ-specificity characterized in the 
present invention is included in the scope of the present Invention. For example, if a region within several hundred bp 
upstream of the transcription initiation point or a region containing the same Is easily Isolated from rice genome by PCR 
with the use of primers designed based on the nucleotide sequence of the present Invention and the region exhibits the 
5 flower organ-specificity inherent to the promoter of the present invention, then the shorter promoter sequence is 
Included in the scope of the present invention. 

[0034] The DNA fragment of the present Invention can be obtained by. for example, starting with rice by the methods 
as will be described in the following Examples. Alternatively, it can be easily prepared by PCR with the use of rice 
genome as a template by using as primers a pair of oligonucleotides corresponding respectively to both termini of the 
10 DNA fragment of the present invention the nucleotide sequence of which has been clarified. In order to determine 
whether or not the sequence has flower organ-specificity, a chimera gene can be constructed by iigating p-glucuroni- 
dase (GUS) gene to the promoter sequence and the resultant chimera gene is introduced into rice plant to thereby con- 
firm the expression sites. 

[0035] The present invention further Includes in its scope DNA fragments having a sequence derived from these 
IS sequences by deletion, substitution, insertion or addition of one or more nucleotides and showing the promoter activity. 
[0036] It is well known that when a nucleotide sequence of a DNA having a physiological activity is slightly modified 
by substitution, deletion, addition or insertion of one or more nucleotides in the nucleotide sequence thereof, the phys- 
iological activity of the DNA is maintained in general. Therefore, the present invention includes within the scope thereof 
DNA sequences derived from the above mentioned promoter sequence by such slight modification and having tfie pro- 

• 20 moter activity. That Is to say. the sequence consisting of the nucleotides of positions 1 to 5369 in tfie nucleotide 
sequence represented by SEQ ID NO:2 in Sequence Listing, the sequence consisting of the nucleotides of positions 
3335 to 5108 therein, parts of these sequences having the promoter activity (for example, those consisting of a several 
hundred bp region upstream of the transcription initiatbn points), and DNA sequences derived therefrom by deletion, 
substitution, insertion or addition of a small number of nucleotides and having the promoter activity are all intended to 
25 be included In the scope of the present invention. 

[0037] Similarly, the sequence consisting of tiie nucleotides of positions 1 to 4994 in the nucleotide sequence repre- 
sented by SEQ ID NO:2 In Sequence Listing, the sequence consisting of the nucleotides of positions 3335 to 4994 
therein and DNA sequences derived therefrom by deletion, substitution, insertion or addition of a small numt)er of 
nucleotides and having the promoter activity are included in the scope of the present invention. 
30 [0038] The addition, insertion, deletion or substitution of nucleotides can be carried out by, for example, site-directed 
mutagenesis (see. for example. Nucl. Acids Res. 10:6487-6500. 1982) which is a well-known technique. The expres- 
sion **one or more nucleotides" as used herein means nucleotides in such a number as to allow addition, insertion, dele- 
tion or substitution by the site-directed mutagenesis method. 

[0039] Site-directed mutagenesis can be performed in tiie following manner with the use of. for example, a synthetic 
35 oligonucleotide primer which is complementary to the single-stranded phage DNA to be mutated except a specific dis- 
cordance, i.e., the desired mutation. Namely, a complementary strand is synthesized by a phage with the use of the 
above-mentioned oligonucleotide as a primer. Next, a host bacterium carrying the phage is transformed by the double- 
stranded DNA thus obtained. The culture of the transformed bacterium is then plated onto agar and plaques containing 
the phage from a single cell are formed. Thus theoretically 50% of the newly formed colonies will contain the phage car- 
40 rying the mutation in tiie single strand while the remaining 50% of the colonies have the original sequence. The plaques 
thus obtained are hybridized with a synthetic probe having been treated with kinase at such a temperature as to allow 
the hybridization of the plaque^oinclding with the DNA having the desired mutation as described above but not with 
those having tiie original strands. Then the plaques hybridized witii the probe are picked up and cultured to subse- 
quentiy recover the DNA. 

45 [0040] In addition to the above site-directed mutagenesis method, nucleotide(s) can be substituted, deleted, added 
or inserted into the promoter sec^ience while maintaining Its activity by treating the gene with a mutagen or by selec- 
tively cleaving the gene and then deleting, adding or substituting the desired nucleotide(s) followed by ligation. 
[0041] Also, tiie substitution, deletion, addition or insertion of specific nucleotide(8) may be conducted by tiie site- 
directed mutagenesis with the use of the PCR method (Mikaelian et al. Nud. Acids Res. 20:376, 1992) or the random 

so nucleotide substitution technique (Zhou at al. Nucl. Acids Res. 19:6052, 1991) by taking advantage of the low. fidelity of 
Tag DNA polymerase. 

[0042] Now, anotiier invention found by the present inventors will be illustrated. 

[0043] This invention relates to a flower organ-specific promoter sequence which can be identified from among 
sequences obtained by screening a genomic library of rice or other plants by using as a probe the nucleotide sequence 
55 represented by SEQ ID NO:1 in Sequence Listing or a part of said sequence. 

[0044] The nucleotide sequence represented by SEQ ID NO:1 can be obtained by the differential screening method 
witii the use of rice (IR24) as will be described in Examples hereinafter. Alternatively, It can be easily prepared by tiie 
PCR method with the use of a rice flower organ-derived cDNA or rice genome as a template by using as primers a pair 
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of oligonucleotides corresponding respectively to both termini of the DNA fragment of the present invention the nucle- 
otide sequence of which has been clarified. 

[0045] Either the whole nucleotide sequence or a part thereof may be used as a probe. 

[0046] The genome library can be constructed by using rice green leaf by, for example, the method which will be 
5 described in detail in Exanriples hereinafter, though the present invention is not limited thereto. A genomic fragment con- 
taining the promoter is prepared from the thus obtained library by using the above-described probe and thus the pro- 
moter sequence is identified. In order to determine whether or not the sequence has flower organ-specificity, a chimera 
gene can be constructed by ligating ^-glucuronidase (GUS) gene to the promoter sequence and the resultant chimera 
gene is introduced into a desired plant to confirm the expression sites. 
10 [0047] The promoter sequence thus obtained should have flower organ-specificity of such an extent comparable (at 
least being predominant in any flower organ) to the specrfidty as will be described in Example 3(2) hereinafter. 
[0048] Finally, a probe for detecting a flower organ-specific promoter, which is another aspect of the present invention, 
will be illustrated. 

[0049] The probe according to the present invention comprises a DNA fragment comprising a sequence having at 
15 least 15 consecutive nucleotides in the sequence from positions 22 to 1278 of the sequence represented 1:^ SEQ ID 
NO:1 in Sequence Listing or a nucleotide sequence complementary to said sequence. It is highly possible that this 
sequence of positions 22 to 1278 in the sequence represented by SEQ ID NO:1 or a nucleotide sequence highly homol- 
ogous thereto will undergo the flower organ-specific expression as described above. By using this sequence or a part 
thereof as a probe in examining plant genomic DNA, therefore, a novel flower organ-specific promoter occurring in rice 
20 or other plants can be found out. 

[0050] The probe Is designed based on the above-mentioned sequence. It preferatsly has at least 15 consecutive 
nucleotides. There is no particular upper limit of its length up to the full length of the sequence as described above. The 
present invention also includes within the scope thereof sequences which are derived from a DNA fragment selected 
from tiiose described above by addition, deletion, insertion or sut>stitution of one or more nucleotides while being 
25 hybridizable witti the above sequence or a sequence highly homologous tiiereto. The addition, deletion, insertion or 
substitution can be performed by the same methods as described above regarding the flower organ-specific promoter 
according to the present invention. 

[0051] The probe of the present invention can be prepared by cleaving the DNA fragment represented by SEQ ID 
NO:1 in Sequence Listing, which is obtained by the method as will be described in detail in Examples hereinafter, with 

30 appropriate restriction enzymes. Alternatively, it can be prepared by the PGR method with the use of a sample compris- 
ing this sequence. It is also possible to synthesize a single-stranded DNA serving as a probe by a conventional method 
with the use of a marketed DNA synthesizer (for example, one manufactured by Perkin Elmer). 
[0052] The probe according to the present invention can be labeled by a conventional method with, for example, a 
radioisotope. For example, the random priming labeling method is employed to label the probe witii ^^P, while tfie 5*- 

35 terminal labeling method with the use of phosphorylating enzyme is employed when a synthetic oligomer is used. 

[0053] When the probe of the present invention is used, hybridization can be performed by a conventional method. In 
general, hybridization is carried out under corxjitions giving a moderate hybridization intensity, i.e., performing the 
hybridization and washing at room temperature to 50**C at an appropriate ionic strength (for example, 0-50% forma- 
mide, 6 x SSC, 1 x Denhart's solution, etc.). The probe of the present invention is used in a genome library of the plant 

40 to be treated and then the genomic DNA of the plant thus hybridized is Isolated. Next, the upstream region of this gene 
is identified to thereby give a novel fbwer organ-specific promoter. 

. [0054] The flower organ-specific promoter of the present invention is a novel flower organ-specific pronfX)ter sequence 
which makes it possible to genetically manipulate and improve pistil arxj lodicule. This was previously impossible par- 
ticularly in monocotyledons. Thus, tiie promoter is useful for. e.g.. the follcwing purposes. 

46 

1) Improvement in fertilizability of female germ organs by ligating a structural gene capable of enhancing tolerance 
to sti-ess (such as cold weather, drought, hot, etc.) to tiie promoter sequence of the present invention or a part 
thereof. 

2) Creation of female sterile plants by ligating a structural gene capable of inducing sterility to the promoter 
so sequence of the present invention or a part thereof. 

3) Flower organ-specific proliferation or enlargement by ligating a structural gene capak)le of promoting proliferation 
or division of plant cells to the promoter sequence of the present invention or a part thereof. 

4) Genetic regulation of flowering by means of the expression of the promoter of the present invention in lodicule. 

5) Providing the whole flower organs or a particular site tiiereof (for example, pistil) witii an Improved tolerance by 
55 ligating a gene capable of inducing an improved tolerance to herbicides or diseases to the promoter sequence of 

the present invention or a part thereof. 



[0055] To further illustrate the present invention in greater detail, and not by way of limitation, the following Examples 
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are given. 



EXAMPLES 



5 Example 1 : Isolation of flower organ-specific cDNA 

[0056] Paddy rice varieties "Tsukinohikari" and "IR24" were grown in a greenhouse and subjected to the following 
experiments. 



10 (1) Extraction of RNA 

[0057] The leaf, immature pistil, mature pistil, anther, lodicule, palea and lemma, immature seed, germinating seed, 
root, callus and Immature splkelet (4.5 to 6.0 mm in length) of "IR24" were collected, immediately frozen in liquid nitro- 
gen and then stored at -80*'C. The total RNA was extracted from these tissues by the SDS-polyphenol method (Watan- 

is abe and Price, Proc. Natl. Acad. Sci. USA, 79. 6304-6308, 1982) except that p-mercaptoethanol was added as an 
antioxidant to the extraction buffer to give a final concentration of 10% (V/V). The tissues to be used in the reverse tran- 
scription PGR experiment were treated with DNase I (FPLC pure, manufactured by Pharmacia) in the presence of 
RNase inhibitor (RNAguard, manufactured by Pharmacia), rather than being subjected to lithium chloride precipitation, 
so as to minimize the contamination with any trace amount of DNA. 0.375 ^ig/nJ of the total nucleic acid and 1 .75 U/^il 

20 of RNase inhibitor were added in a buffer (40 mM Tris-CI pH 7.5. 6mM MgCy and 0.375 U/jil of DNase I (each 
expressed in the final concentration) was added thereto. After maintaining at 37«C for 10 to 30 minutes. DNase I was 
inactivated by extraction with phenol/chloroform. 

[0058] The leaf and root [expressed in root (soil) in Fig. 1] were collected from a plant grown for 1 month in a green- 
house after sowing, "me immature pistil was collected from a plant 1 to 2 weeks before earing. The mature pistil, anther, 

55 lodicule and palea and lemma were collected from a plant immediately to several days before flowering. The immature 
seed was collected from a plant 1 to 2 weeks after flowering. The germinating seed and root were obtained from a plant 
aseptically grown on an N6 medium (Chu et al. Sdentia Sinica. 18, 659-668. 1975) respectively for 1 and 3 weeks after 
sowing. The callus was induced from a seed in an N6 solid medium containing 2 mg/l of 2.4-D and then cultured before 
use in a liquid medium of the same composition under shaking for 3 weeks. The total RNA of the pistil and leaf was puri- 

30 f ied to provide polyA+RNA by using Oligotex-dT30 super (manufactured by Takara Shuzo Co., Lid.) in accordance witii 
the manufacturer's instructions. 



(2) Construction of pistil cDNA library 

35 [0059] AfcKJut 1 ^g of poIyA+RNA isolated and purified from pistil was employed as a template to synthesize the cDNA 
by using ZAP-cDNA Synthesis Kit (manufactured by STRATAGENE). The determination of ^^p uptake ratio indicated 
that atxjut 55 ng of the first strand cDNA of tiie pistil was reversely transcribed by the olig-dT priming, and about 72 ng 
of the second strand cDNA was synthesized directiy from the first strand. The cDNA was connected to an EcoRI 
adapter in accordance with the manufacturer's instructions, digested with Xhol and tfien ligated into vector UniZAP XR. 

• 40 Next, the phage DNA was packaged into phage particles by using Giga pack QoW packaging extract (manufactured by 
STRATAGENE). The phage was transfected into E, coli PLK-P host cells, which were then inoculated on a plate. The 
library size of the pistil cDNA library was calculated as 3 x 10^ pfu. 



(3) Differential screening 

45 

[0060] Differential screening was carried out basically in accordance with the method of Gasser et al. (The Plant Cell 
1 , 15-24, 1989). Atxjut 2,000 pfu of the phage from the pistil cDNA library was infected into E. coli PKL-P cells and the 
cells were plated on square Petri dishes (14x10 cm). For each plate, a replica filter was prepared with the use of a 
nylon membrane fitter Hybond-N+ (manufactured by Amersham) and tiie filter was treated in accordance with the man- 
so ufacturer's instructions. As the probes for hybridization, use was made of single-stranded cDNA synthesized from about 
100 ng of the polyA+RNA (or about 2 \iQ of the total RNA) of pistil and leaf. To 2 ^lg of an RNA solution. 0.5 mM of 
d(ATG)TP, 10 mM of DTT and 1 x M-MuLV buffer (manufactured by BRL) were added. Next. 30 ng/^il of Random DNA 
Hexamer (manufactured by Pharmacia) [or 80 ng/^ll of Oligo dT Primer (manufactured by Amersham)] was added 
thereto (each expressed in tiie final concentration). After dissociating tiie secondary structure of the RNA by heating at 
55 65**C for 5 minutes, the primer was annealed at room temperature. After further adding 1 .5 \J/\i\ of RNase inhibitor (RNA 
guard manufactured by Pharmacia), 10 U/pl of reverse transcriptase M-MuLV (manufactured by BRL) and 4 ^iCi/fil of 
[a-®2pjjjcTP (each expressed in the final concentration), the Ik^uid reaction mixture of 20 p\ in total was incubated at 
3r*Cfbr 1 hour. 
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[0061 ] Subsequently, dCTP (Rl-unlabeled) was further added to give a final concentration of 0.5 mM and the reaction 
was continued for 30 minutes. The labeled DNA probe were purified by using Quick Spin Column G-50 Sephadex (nnan- 
ufactured by BOEHRINGER MANNHEIM). The probes were single-stranded by adding an equivalent amount of 2 N 
NaOH (final concentration: 1 N). The filter was first treated In a pre-hybridization buffer (0.25 M Na2HP04. pH 7.2. 7% 

5 SDS, 1 mM EDTA, 1 x Denhart's solution) at 68°C for 10 minutes. Then the single-stranded probes (final concentration: 
0.2-0.3 X 10^ cpm/ml) and carrier DNA (a mixture of 0.1 mg/ml of salmon sperm DNA, 0.1 ng/ml of XDNA, 0.1 ^g/ml of 
rice DNA) were added thereto and hybridization was performed at 68**C overnight (16 to 24 hours). The filter was 
washed In the buffer (20 mM Na2HP04. pH 7.2. 1% SDS, 1 mM EDTA) at room temperature twice and at 68**C twice 
each for 15 minutes. Next, this filter was exposed to Kodak X-Omat Rim at -70**C for 4 to 5 days. 

10 [0062] When about 30,000 plaques were examined, 1 98 plaques showing intense hytxidization signals with the pistil 
probe but only weak signals with the leaf probe were selected by the primary screening. 152 clones among them were 
subjected to the secondary screening. To avoid intense background of plaque hybridization in this step and to efficiently 
perform screening, the following method was employed. First, the plaques selected by the primary screening were 
stored in 200 \i\ of SM buffer (0.1 M NaCI, 7 mM MgS04, 50 mM Tris-CL pH 7.5, 0.01% gelatin) containing one drop of 

15 chloroform at 4<*C. Then the thus stored liquid was diluted and the phage was plated so as to give a considerably low 
plaque density (10 to 100 pfu/plate). A plaque separated from others was isolated and stored in the same buffer. From 
this liquid, a plating lysate containing the phage at a high concentration was prepared and in vivo excision was per- 
formed in accordance with the instructions attached to ZAP cDNA Synthesis Kit. Thus a plasmid [pBluescriptSK(-)] was 
prepared from the phage genome. 

20 [0063] Then it was digested with restriction enzymes EcoRI and Xhol (manufactured by Takara Shuzo Co., Ltd.) and 
thus a cDNA insert was isolated and purified. This cDNA insert was fractionated by electrophoresing on a 0.8% agarose 
get and blotted onto a nylon membrane filter HybondN+. Then differential hybridization was carried out with the use of 
pistil and leaf probes as well as single-stranded cDNA probes synthesized by using Oligo dT Primer from the total RNA 
of anther, germinating seed, root, callus or immature seed. As a result, 6 cDNA clones which were hybridizable with the 

25 pistil probe but little with other probes were obtained. Among these clones, one having an insert cDNA of about 1 .5 M) 
was named "RPC213" and employed in the subsequent experiments. 

(4) Analysis'on organ-specific expression of cDNA clones 

~ 30 1) Northern hybridization analysis 

[0064] The cDNA clone •*RPC213" screened in the above 3) was subjected to Northern hybrklization to examine the 

expression patterns and expression levels in various organs. Filters were prepared in the following manner. 

[0065] First, the secondary structure of the total RNA (20 ^g) from each of the organs described in the above 1) was 

35 dissociated in accordance with the method of Sambrook et al. (Molecular Cloning. 1982) with the use of deionized Gly- 
oxal and DMSO and then fractionated in a 1% agarose gel. Next, the RNA was blotted onto a nylon membrane Gene 
Screen Plus (manufactured by DU PONT) by the conventional method. After drying in vacuo at 80**C for 1 hour, the filter 
was boiled in 20 mM Tris-GI (pH 8.0) for 5 minutes to thereby remove Glyoxal therefrom. As a probe, the 1 .5 kb EcoRI- 
Xhol fragment of the above-mentioned cDNA was Rl-labeled by using Multiprime Labeling System (manufactured by 

40 Amersham). Pre-hybridization and hybridization were carried out in accordance with the manufacturer's instructions 
attached to the filter. The filters were washed with 2 x SSC, 1% SDS and 0.2 x SSC, 1% SDS at room temperature each 
for 5 minutes, then with 0.16 x SSC. 1% SDS at 65**C for 15 minutes twice, and then with 2 x SSC at room temperature 
for 1 minute. Subsequently, the filters were exposed to Kodak X-Omat Film at -70''C overnight. 
[0066] As a result, an intense hyt>ridization signal was observed in the lane of mature pistil, weak signals were 

45 observed in the lanes of palea and lemma and callus, and very weak signals were observed in the lanes of leaf, anther 
and immature seed, while other lanes showed no signal, as Rg. 1 shows. Thus, it was clarified by the results of the 
Northern analysis that the isolated clone relatively strongly expressed in mature pistil and weakly in palea and lemma, 
and callus but scarcely in leaf, anther and immature seed. The size of the transcripts was estimated to be about 1 .6 kb. 

so 2) Reverse transcription PCR (RT-PCR) analysis 

[0067] To analyze the organ-specific expression of the cDNA clone at a higher sensitivity, reverse transcription PCR 
was candied out by using RNA of various rice organs as templates. By using GENESIS 200 Fluorescence Sequencer 
(manufactured by DU PONT), the nucleotide sequence of the cDNA inserted into the plasmid pBluescript SK(-) was first 
55 partly determined. In accordance with the manufacturer's instructions attached to the Sequencer. T7 DNA polymerase 
reaction was performed by using M13 and M4 primers (manufactured by Takara Shuzo Co.. Ltd.) followed by electro- 
phoresis on a 6% acrylamide gel. Then, the nucleotide sequence was determined from both of the 5*-(EcoRI) and 3*- 
(Xhol) sides. Based on the DNA nucleotide sequence of about 400 nucleotides (mRNA sense strand) in the 3'-side, the 
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following primers: 

21 3S: 5'-CGCTATGGCCCX3TTTCAGCT-3* (SEQ ID N0:3), and 
21 3AS; 5*-GTCGTCCTGCCGCTTCATTAC-3' (SEQ ID NO:4) 

5 

were synthesized with DNA Synthesizer (manufactured by ABI), purified by OPC Cartilage (manufactured by ABI) and 
enployed in the reverse transcription PGR experiment. It was expected that a product of about 250 bp would be ampli- 
fied with these primers. 

[0068] 10 of the total RNA of each of the above-mentioned organs was mixed with 500 ng of Oligo dT15 Primer 
10 (manufactured by Amersham) and the secondary structure thereof was dissociated by treating in 55 ^1 of the liquid 
reaction mixture at TO^^C for 10 minutes. After quenching on ice, the mixture was maintained in 100 jil comprising 1 x 
1st strand buffer (manufactured by BRL). 0.5 mM of dNTPmix, 10 mM of DTT. 2 U/^l of RNase inhibitor (RNAguard, 
manufactured by Pharmacia) and 1 0 U/|il of reverse transcriptase (Superscript: manufactured by BRL) (each expressed 
in the final concentration) at 37^C for 60 minutes. Next, it was treated at 95°C for 5 minutes to dissociate the RNA-cDNA 
IS hybrid and then cooled on ice. The cDNA concentration of this solution was assumed to be 100 ng/^1. Next, the synthe- 
sized cDNA of each organ was diluted in 4 series (100 ng/^l. 10 ng/^l, 1 ng/^l. 0.1 ng/^) and employed as a template 
in PGR. 

[0069] PGR was carried out under the following conditions. 1 ^1 of the cDNA dilution was mixed with 0.5 pmole/^l of 
primer, 0.2 mM dNTP, 1 x PGR buffer and 0.05 U Tag Polymerase (manufactured by Takara Shuzo) (each expressed in 

20 the final concentration) to give 20 ^1 of a reaction mixture. By using Gene Amp 9600 (manufactured by Perkin Elmer), 
the reaction mixture was subjected to PGR consisting of 3 minutes at 94''G for 1 cycle. 0.5 minutes at S^^'C, 1 minute 
at eo^'G and 1 minute at 72'*G for 30 cycles and 6 minutes at 72''G for 1 cycle. The PGR product was electrophoresed 
on an agarose gel. stained with ethidium bromide and then photographed. Bands were compared with each other in 
density, and 2 samples showing the same density were estimated to contain the cDNA originating in the above-men- 

25 tioned gene in the same amount 

[0070] It was preliminarily confirmed, by using plasmid clones, that the product of the expected molecular weight 
could be amplified with the primers for RPG213 gene. When reverse transcription PGR was performed by using this 
primer and 100 ng of cDNA as a template, dense bands of the PGR products were observed in mature pistil, palea and 
lemma and callus, faint bands were observed In anther and immature seed and exclusively faint bands were observed 

30 in leaf, germinating seed and root, as shown in Fig. 2A. Among these organs, mature pistil and palea and lemma 
showed the PGR product after diluting the template cDNA to 1 ng, while callus, anther and immature seed showed the 
product only until the template cDNA was reduced to 10 ng. Leaf, germinating seed and root showed no PGR product, 
when the template cDNA was diluted to be less than 100 ng. When the expression level in mature pistil was taken as 
1 . it was estimated based on the band density that the expression level in palea and lemma was about 1 to 1/10, those 

35 in anther, Immature seed and callus were about 1/10 and those in other organs were about 1/100. 

[0071 ] Next, differences in expression levels depending on flower organ sites and development stages were analyzed. 
cDNAs prepared from whole mature pistil, stigma of mature pistil, ovary of mature pistil, whole immature pistil and lod- 
icule were employed as templates. Also, use was made of leaf cDNA and plasmid DNA as controls. Then PGR was car- 
ried out with the use of RPG213-specific primers. As a result, when 10 ng of cDNA was employed as a template, the 

40 PGR product was detected in all of the organs other than leaf, as shown in Fig. 2B. Among these organs, immature pis- 
til, sttgnrm and lodicule showed the PGR product even though the template was reduced to 0.1 ng. while mature pistil 
and its ovary showed the PGR product only until the template was reduced to 1 ng. When the RPG213 expressbn level 
in the whole mature pistil was taken as 1 . it was estimated based on the above results that the expression level in imma- 
ture pistil, stigma and lodicule were about 1 0 and that in ovary was about 1 . Namely, the results of the reverse transcrip- 

45 tion PGR indicate that the RPG213 gene is strongly and predominantly expressed in immature pistil, mature pistil 
stigma and lodicule but weakly in mature pistil ovary and palea and lemma and scarcely in other organs. 
[0072] Table 1 summarizes the results of 1) the Northern analysis and the results of 2) the RT-PGR. 



so 
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(5) Determination of the nucleotide sequence of RPC213 



[0073] The entire nucleotide sequence of the cDNA clone RPC213 (about 1 .5 kb). which is expressed specifically in 
flower organs, was determined in the following manner with the use of Fluorescence Sequencer (Model 373A. manu- 

5 factured by Applied Biosystems). Based on the nucleotide sequence information obtained by using the M13 primers 
(manufactured by Takara Shuzo Co.. Ltd.) described above, primers were synthesized and the nucleotide sequence in 
an undecoded region was determined. By repeating this primer walking procedure, the nucleotide sequence of RPC213 
having 1496 bp in total was determined. The reading frame with the largest ORF was identified by the ORF analysis. In 
this reading frame. polyA signal-like sequences (Heidecker and Messing, Annu. Rev. Plant Physiol. 37, 439-466. 1986) 

10 were located about 70 bp and 90 bp downstream of the termination codon TGA. The entire nucleotide sequence of 
RPC213 is represented by SEQ ID NO:1 in Sequence Listing, though the nudeotkie sequence of SEQ ID NO:1 has 
1524 bp including a 28 bp segment following the transcription initiation points which was added by reference to the 
nucleotide sequence of genome clone as will be described hereinafter. 
[0074] The sequence represented by SEQ ID NO:1 has the following characteristics. 

IS 

ntl , nt2, nt3 : transcription initiation points of the RPC213 gene determined by the primer extension method. 
nt22-nt24 : the first potential initiation codon of the RPC213 gene. 
nt295-nt297 : the second potential initiation codon of the RPC213 gene. 
nt1276-nt1278 : the termination codon of the RPC213 gene. 




20 ntl 343-nt 1 348. ntl 365-ntl 370 : PolyA addition signals. 
nt1507-nt1524 : PolyA. 



Example 2: Isolation of promoter 

25 (1 ) Construction of genomic library 

[0075] Genomic DNA was isolated by the SDSiDhenol method and purified by the lithium chloride precipitation 
method from "IR24'' rice leaves about 2 months after sowing. As a preliminary test, the DNA was first partly digested 
with a restriction enzyme Mbol (manufactured by Takara Shuzo Co., Ltd.) to determine the digestion conditions which 

30 would allow the formation of as many fragments of 16 to 23 kb in apparent size as possible. Next, the genomic DNA 
was digested under the so determined reaction conditions and subjected to sucrose density gradient centrifugation. 
Sucrose was dissolved in a buffer (20 mM Tris-HCI pH 8.0, 1 mM EDTA. 200 mM NaCI) to give a gradient of 5 concen- 
trations (10, 1 7.5. 25. 32.5 and 40%). These sucrose solutions were layered in this order in a centrifugation tube (40PA, 
manufactured by Hitachi) and finally the partly digested DNA solution was layered on top of the gradient. After centri- 

35 fuging at 20.000 rpm for 17 hours at 20**C by using a rotor SRP28 SA (manufactured by Hitachi), the mixture was 
divided into 80 portions (0.5 ml each) with a paE^taltic pump to provide a fraction containing DNA fragments of 16 to 23 
kb in the greatest amount. This DNA fraction was then ligated with a vector XDASH ll/BamH (manufactured by STRAT- 
AGENE) by the action of T4 DNA ligase (manufactured by BOEHRINGER MENNHEIM) and then packaged into phage 
particles by using Gigapack II GokJ packaging extract (manufactured by STRATAGENE). Thus, a rice genomic library 

40 was constructed, the size of wtiieh-was calculated as akXHit 5x10^ pfu. 

(2) Screening of clones 

[0076] About 10.000 pfu of the phage was mixed with E, coli SRBP2 for infection and inoculated into a square Petri 
45 dish (14x10 cm). After an incubation at 39*C overnight, a nylon membrane filter Hybond N+ (manufactured by Amer- 
sham) was brought into contact with the plaque surface and then processed in accordance with the manulacturer's 
instructions attached to the filter. The probe was 0.6 kb EcoRl-Sall fragment in the 5'-side of the rice flower organ-spe- 
cific cDNA (RPC213) which was used after being Rl-labeled with the use of Multiprime Labeling System (manufactured 
by Amersham). Thus, plaque hybridization was carried out. The hybridization and washing were effected under the 
50 same conditions as those specified in the above Example 1(3) provided that 1 x Denhart's solution and carrier DNAs 
were not employed. From 100,000 plaques. 6 positive clones were thus selected. Next, phage DNAs were prepared 
from these plaques. They served as templates in the PCR which was performed with the use of the RPC213-speciflc 
primers 213S and 213AS. As a result, the expected product of about 250 bp was found to have been amplified in 2 
clones named RPG106 and RPG107. 

55 

(3) Subcloning of region containing promoter 



[0077] DNA was extracted from the akx)ve-mentioned 2 RPC213 genomic clones, digested with restriction enzymes 
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Sad and Hindlll (manufactured by Takara Shuzo Co.. Ltd.) and then the DNA fragments were fractionated in a 0.8% 
agarose gel. Also, DNA was isolated and purified by the phenol-SDS method (Komari et al. Theor. Appl. Genet. 77, 547- 
552. 1989) from paddy rice plants of varieties "Akihikari" and ''IR24*' about 1 month after sawing. About 5 fig of DNA 
was digested with Sad and Hindlll and electrophoresed similar to the above case. Next, it was blotted onto a nyton 

5 membrane filter Hybond-N+ (manufactured by Amersham) and Southern hybridization was performed by using as a 
probe the above-mentioned cDNA fragment of 0.6 kb having been Rl-labeled as in Example 1(4)1). 
[0078] Hybridization and washing were can-ied out in accordance with the manufacturer's instructions attached to the 
filter. As a result, a band of the same size as the total genomic DNA appeared in RPG106. Thus, the Sad fragment (6.0 
kb) of RPG106 reacting with the probe was subcloned into the same site of pBluescrlpt. Next, restriction maps (Fig. 3) 

10 were formed by using 4 restriction enzymes (Bglll. Hindlll, Sad and Sail) to further specify the region containing the 
promoter. (4) Determination of whole nucleotide sequence of RPG106 Sacl-Sall fragment (5.4 kb) 
[0079] As Fig. 3 shows, the genomic done RPG106 has four Bglll sites. By using these restriction sites, RPG106 was 
first divided into five fragments. Namely, RPG106 Sad 6.0 kb (pBluescript) was digested with BamHI and Bglll to give 
five fragments, i.e.. Sacl-Bglll 0.7 kb (+pBluesaipt). Bglll 2.1 kb, Bglll 2.3 kb, Bglll 0.8 kb and Bglll-SacI 0.7 kb (multi- 

75 cloning site of •►pBluescript). Then the nucleotide sequences of the former 4 fragments were determined. Since the 
Sacl'Bglll 0.7 kb fragment still contained pBluescript, this plasmid was cyclized again. Regarding the remaining 3 frag- 
ments, plasmids were construded by inserting these fragments into the BamHI site of pBluescript in the regular direc- 
tion and vice versa. The fragment Ball! 2.1 kb had 2 Spel sites and 1 Xhol site in It, while the fragment Bglll 2.3 kb had 
2 EcoRV site. 1 Sail site and 1 Spel site. Each of these fragments was further subcloned by using these restridion sites 

20 to give 14 plasmids in total which covered almost the entire RPG106 Sad 6.0 M3. The nucleotide sequences of both 
strands of each of these plasmids were determined by using Ml 3 primer (manufactured by Takara Shuzo Co., Ltd.) with 
Fluorescence Sequencer (Model 373A. manufadured by Applied Biosystems). The nudeotkJe sequences in regions 
which could not be decoded by this method were determined by the primer walking method and thus the entire nude- 
otide sequence of RPG106 Sacl-Sall 5.4 kb (total nucleotide sequences 5396 bp) was determined. This nucleotide 

25 sequence is represented by SEQ ID NO:2 in Sequence Listing. 

[0080] The sequence represented by SEQ ID N02 has the following charaderistics. 

* ntl -nt5369. nt3335-nt5108 : sequences having been confirmed as having promoter adivity by GUS. 
nt4964-nt4869 : TATA box-like sequence. 
30 nt4996, 4996. 4997 : transcription initiation points of RPC213 gene determined by the primer extension method. 
^ nt5016-nt5018 : first initiation codon d RPC 213 gene. 

nt5370-nt5372 : second initiation codon of RPC 21 3 gene. 
» - nt51 62*^5242 : intron sequence. 

nt1-nt6 : restriction enzyme Sad site. 
35 nt792-nt734, nt281 1 -nt281 6, nt51 03-nt51 08 : restridion enzyme Bgll I sites. 
nt3335Hrit3340 : restrkrtion enzyme Hindtll eite. 

'10081] Conrparison of the RPC213 gene with the nucleotide sequence of RPC213 cDNA indicated that an intron 
sequence of 81 bp was located between the first ATG and the second ATG in the RPC213 gene. As shown in the 

.9:. 4(7 shaded parts in Fig. 3, the nudeotide sequence in the region of about 300 bp from the 5'-terminus to the first Sail site 
in the cDNA completely agreed with the nudeotide sequence of tiie genomic DNA RPG1 06 corresponding to this region 

« except the intron sequence. 

» (5) Determination of transcrij3tion initiation pdnts 

45 

[0082] To specify the promoter region d RPC213, first, the 5'-terminus of the transcription unit was analyzed by RT- 
PCR. By reference to nucleotide sequence d the 3'-terminal region (300 bp) d the above-mentioned 2.3 kb Bglll frag- 
ment d genomic done RPG106, 4 sense primers (213A, 213B, 213C and 213D) and 1 antisense primer (213Z) were 
synthesized (Fig. 4). 10 ng of mature pistil cDNA was employed as a template, while 10 ng of leaf cDNA and 10 ng d 

so genomic clone RPG106 Bglll 2.3 kb fragment were employed as control. PCR was canied out under the same cofKli- 
tions as employed in Example 1 (4)2). As a result, the control leaf cDNA gave no amplification produd in any combina- 
tion of the primers. In contrast, pistil cDNA showed the amplification produd of the same size as the genomic done 
when primers 213A and 213Z were combined. Based on tiiese results, it was considered that a split point (namely, a 
transcription initiation point or tiie 3'-terminus of intron) would be located between 21 3A and 21 38. 

55 [0083] Next, transcription initiation points were determined by the primer extension method. First, the primer 
employed in the RT-PCR: 

21 3Z : 5*-TGCTGGTATGGATGTGATG-3* (SEQ ID NO:5); 
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and an additional primer for the primer extension experiment: 

213Z-2: 5'-CTGACGAGGCTGTTGCTG-3' (Fig. 4)(SEQ ID N0:6); 

5 were synthesized. These primers (1 0 pmole each) were Rl-labeled at the 5'-terminus with the use of [y-^^PJATP accord- 
ing to the manufacturer's instructions attached to MEGAR ABEL Kit (manufactured by Takara Shuzo CO., Ltd.). 0.1 pmol 
(0.3 X 10® cpm) of these labeled primers and 50 of the total RNA of either immature spikelet (1 to 2 weeks before 
earing) or leaf were annealed in the presence of 3U/^I of RNase inhibitor (RNAguard. manufactured by Pharmacia) in 
a buffer (0.25 M KCl 2 mM Tris-HCI pH 8.0. 0.2 mM EDTA) In a reaction system of 1 0 at 42°C for 2 hours. After adding 

10 30 111 of another buffer (66 mM Tris-HCI pH 8.3. 6.6 mM MgCla. 1 .3 mM DTT, 0.66 mM dNTP, 130 \iQfm\ actinomycin D) 
and 1 ^1 (200 units) of a reverse transcriptase (SUPERSCRIPT, manufactured by BRL), the mixture was maintained at 
42**C for 1 hour. Then ethanol and ammonium acetate were added to allow precipitation to occur. After washing the pre- 
cipitate with 70% ethanol, the product was air-dried and then dissolved In an electrophoresis buffer which was prepared 
by mixing the reaction termination solution off T7 Sequencing Kit (manufactured by Pharmacia) with 0.1 M NaOH con- 

15 taintng 1 mM EDTA (2:1). 

[0084] Then the whole solution was heated at 95°C for 3 minutes and then electrophoresed on a 6% agarose gel. By 
using the same primers, a sequencing reaction was carried out with T7 Sequencing Kit by using a plasmid containing 
RPG106 Bglll 2.3 kb fragment as a template. Then the product thus obtained and the 10 bp and 50 bp ladders (manu- 
factured by BRL), which had been Rl-labeled at the terminus via an exchange reaction with the use of [y-^^P]ATP 

20 according to the manufacturer's instructions attached to MEGARABEL kit (manufactured by Takara Shuzo Co., Ltd.), 
were electrophoresed simultaneously. The results are shown in Fig. 5. No extension product was obtained from leaf 
RNA in which the gene was probably not expressed, while 2 bands (In the case of the 21 3Z primer) and 3 l^nds (In the 
case of the 213Z-2 primer) of extension products were detected by using the total RNA off immature spikelet as the tem- 
plate. Conrparison with the sequence ladders electrophoresed side by side indicated that the products by these primers 

25 were detected at the same position. These results indicated that 3 consecutive transcription initiation nucleotides "CAA" 
were located between 213A and 213B and the transcription of RPC213 was initiated from the cytosine or adenines. As 
Fig. 4 cleariy shows, a TATA box-like sequence (5'-TATAAAT-3') was located 31 bp upstream of the C (cytosine) of the 
most upstream transcription Initiation point. The distance between this TATA box and the transcription initiation point 
coincided with genes of other plants (Joshi, Nucleic Acids Res., 156, 6643-6653, 1 987). Further, there was an initiation 

30 codon (the first ATG) 21 bp downstream off the C off the transcription initiation point. Since the reading frame containing 
this ATG agreed with the reading frame of the cDNA as described above, it is generally considered that the ATG 21 bp 
downstream off the transcription Initiation point would be the Initiation codon. However, It is also considered that the dis- 
tance between the transcription initiation point and the initiation codon Is too short. Accordingly, there is a possibility that 
the second ATG located 273 bp downstream of the first ATG in the same reading frame might be the actual Initiation 

35 codon. Moreover, C (cytosine) was located 3 nucleotides upstream off A (adenine) in the fftrst ATG. In contrast, A (ade- 
nine) was located 3 nucleotides upstream off A (adenine) in the second ATG. which well agreed with the consensus in 
nucleotides around the initiation codon off mRNA in eucaryotic cells (KbzaK J. Ceil Biol., 108, 229-241 , 1989). 



40 



Example 3: Analysis off promoter expression site 

(1) Construction off vectors for analyzing promoter expression and transformation off rice 



[0085] To analyze the expression off the isolated promoter in vivo, vectors having GUS reporter gene linked thereto 
were constructed in the ffbllowing manner (Fig. 6). The vector used in this example was pSB21 (Komari et al. Plant J., 
45 10. 165-174, 1996). Use was made off the unique Hindlll site and BamHI site located at each termini off 35S promoter 
contained In this vector. 

[0086] First, RPC106 Sad 6.0 kbp (pBluescrlpt) was co-digested with Hindlll and Bglll to Isolate a promoter ffragment 
off about 1 .8 kbp ffrom the region which precedes the Bglll site located 87 bp downstream of the first ATG in the RPC213 
gene. This fragment was ligated to vector pSB21 having been digested with the same enzymes to delete the 35S pro- 

50 moter therefrom. The obtained plasmid vector was named pYOT21 3aG. In pYOT213aG, the first ATG off RPC213 gene 
and the ATG of the GUS gene were contained in the same reading frame. Therefore, when the translation of the 
RPC213 gene was initiated ffrom the ffirst ATG. tfie GUS protein would be translated as a ffusion protein. 
[0087] Second, conskiering the possibility that the translation off the RPC213 gene might be initiated ffrom the second 
ATG. another vector was constructed in the ffollowing manner to isolate a promoter fragment from a broader region. To 

55 anplify a part off the promoter region by PCR, a pair of primers: 

213P-5H-2 : 5'-GACX3TGATCCACGGCATTGACG-3' (SEQ ID NO;7), 

213P 2ndATG-Bam: 5*-CGG£iQfiECGGTTCTCCTCCACCCACGC-3* (SEQ ID NO:8); 
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were synthesized. 213P-5H-2 matches a region upstream of the unique Hindlll site. 21 3P 2ndATG-Bam matches the 
nucleotide sequence immediately upstream of the second initiation codon ATG and has a BamHI site. PCR was per- 
formed in a reaction system of 100 \i\ by using these primers (100 pmole each), about 1 of DNA (alkali-denatured 
template RPG106) and Extaq (manufactured by Takara Shuzo Co., Ltd.). 

5 [0088] The reaction mixture was subjected to PGR consisting of 3 minutes at 94*^0 for 1 cycle; 1 minute at 94**C, 1 
minute at 60**C and 2.5 minutes at 72**C for 20 cycles: and 6 minutes at 72**C for 1 cycle. The amplification product was 
cloned into pCRII (manufactured by Invitrogen) and then the nucleotide sequence was confirmed. This piasmid was 
digested with Hindill and BamHI and the RPC213 promoter fragment of 2.0 kb was isolated therefrom. Next, the frag- 
ment was ligated to the vector pSB21 having been treated by the same enzymes to delete the 35S promoter. The plas- 

10 mid thus obtained was further digested with Hindlll and dephosphorylated. Next, an RPG108 Hindlll fragment of 3.3 kb, 
which was obtained by digesting RPG106 Sad 6.0kb (pBluescrlpt) with Hindlll, was inserted thereinto. The resultant 
piasmid vector was named pYOT213pG. In this vector, a GUS gene is located downstream of the promoter fragment, 
and the promoter fragment is composed of about 5.3 kb upstream region from the second ATG of the RPC213 gene. 
The two vectors thus constructed were each transferred into Agrobacterium tumefaciens LBA4404 by tri-parental mat- 

75 ing and used in an experiment of the transformation of rice. 

[0089] The transformation of rice was carried out by using calli developed from immature rice embryo of Tsukino- 
hikari" in accordance with the method of Hiei et ai. (Plant J., 6. 271-282. 1994). 

(2) Analysis of promoter expression site by way of histological observation of GUS 

20 

[0090] According to the method of Jefferson et ai. (EMBO J., 6, 3901 -3907. 1 987). various organs (leaf, root, spikelet 
in earing and spikelet in flowering) of the rice, transfected with pYOT213aG or pVOT213pG. were GUS-stained with the 
use of X-gluc. (543romo-4-chloro-3-indolyl-p-D-glucuronic add) as the substrate in order to histologically observe the 
cells under a stereoscopic microscope as well as an optical microscope. Observation was made on organs in spikelet 

25 i.e. pistil, anther, lodicule. palea and lemma and spikelet base. The GUS expression level by the promoter was evalu- 
ated in 4 grades from "strong (++)" to "less than detection limit (-)" (Table 2). In Fig. 7. black bars stand for "strong 
expression", shaded bars stand for-^*moderate to weak expression", dotted bars stand for "very weak expression" and 
white bars stand for "no expression", while L. R. P. A. RO. G and BS respectively stand for leaf, root, pistil, anther, lod- 
icule. palea and lemma, and spikeiet^base. 

30 [0091 J As a result, many individuals transfected with pYOT2 1 3aG were not stained with GUS in any organ examined. 
However, 5 individuals showed the expression of the GUS gene by the promoter activity in at least one of the organs. 
Among these individuals, pYOT213aG-17 showed GUS expression in pistil and lodicule and very weak expression in 
palea and lemma and spikelet base (Table 2). These results generally agreed with the results of Northern hybridization 
and RT-PCR. pYOT213aG-4 showed the GUS expression specifically in pistil (Table 2). The expression in pistil was 

35 observed around the border of stigma^and ovary (Fig. 8A). None of these 5 individuals showed the GUS expression in 
leaf, root and anther. 2 individuals showed the expression in pistil, one showed in lodicule (Fig. 7). In addition, very weak 
expression was observed in palea-and lemma in 4 individuals and in spikelet base in 3 irxdividuals. 



TABLE 2 



Table 2: Analysis of GUS expression site by 213 pronrx^ter 


Vector 


Plant No. 


Organ of rice transformant 






leaf 


root 


pistil 


anther 


lodicule 


palea/lemma 


spikelet base 


pY0T213aG 


4 






+ 












6 












± 






17 






+ 




+ 




± 




23 












± 


± 




28 












± 


± 



S5 
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Table 2: Analysis of GUS expression site by 213 promoter 


Vector 


Plant No. 


Organ of rice transformant 






leaf 


root 


pistil 


anther 


lodicule 


palea/lemma 


spikeiet base 


pYOT213pG 


3 


± 


± 


+ 


+ 




++ 


+ 




4 


+ 


+ 


+ 


+ 


++ 


++ 


+ 




6 


+ 


+ 


++ 


± 


± 


+ 


± 




7 


± 


± 


+ 


± 


++ 


++ 


+ 




8 






+ 




+ 


+ 


± 




11 


+ 


+ 


+ 


+ 


++ 


++ 


++ 




13 


+ 


+ 






+ 


+ 


+ 




15 


+ 


± 


+ 


± 




+ 






16 


± 


± 


+ 


± 




± 






17 


± 




+ 






± 


+ 




20 


+ 




+ 




+ 


+ 






22 




± 


+ 


+ 


++ 


++ 


++ 




23 


+ 




+ 




++ 


++ 




++: strong expression; +: moderate to weak expression: ±: little expression: and no expression. 



[0092] On the other hand, 5 individuals (pVOT213pG-3, 7. 8, 16 and 17) among 13 individuals transfected with 
pYOT213pG showed no or very weak GUS expression in leaf and root, and showed the GUS expression in flower 
organ, namely, they showed the flower organ-specific promoter activity (Table 2). Among them, 2 individuals 
(pYOT213pG-7 and 8) presented results well agreeing the results of Northern hybridization and RT-PCR. i.e., relatively 
strong GUS expression in pistil and lodicule and very weak expression in anther. The other eight transfbrmants than 
those showing the flower organ-specific expression also showed relatively strong promoter activity in flower organs 
even though they showed the GUS expression in leaf and root (Table 2). For example. pYOT213pG-6, which showed 
the GUS expression in leaf and root, exhibited stronger expression in pistil than in these organs. In this individual, weak 
expression was also observed in palea and lemma, anther, lodicule and spikeiet base (Rg. 8B). pYOT213pG-17 
showed very weak or no expression in leaf and root (Fig. SD) but relatively strong expression in pistil (Rg. 8C). In pistil 
of the individuals transfected with pYOT21 3pG. the GUS expression was observed mainly in the stigma, i.e.. stigma axis 
and hairy tissues in stigma (Fig. 88 and C). The results of the examination of the GUS expression in the organs are 
summarized in Fig. 7, which indicated that no individual showed strong expression in leaf or root. About 1/2 or more of 
the individuals showed moderate to weak expression in leaf, while about 1/3 or less of the individuals showed nKxJerate 
to weak expression in root. The remaining individuals showed very weak or no expression in leaf or root. In flower 
organs, in contrast, strong promoter activity was observed in all organs except anther (i.e., pistil, lodicule, palea and 
lemma and spikeiet base). In particular, all of the 13 individuals showed definite GUS expression in pistil and one of 
them showed an intensely blue GUS-stain, thus indicating strong expression. In lodicule and palea and lemma, the 
expression of the GUS gene by the promoter activity was observed in about 2/3 of the all irxjividuals and more than 1/2 
thereof (5 individuals for lodicule and 6 individuals for palea and lemma) showed strong GUS expression. Also, 2 indi- 
viduals showed strong expression in spikeiet base. 

[0093] Based on these results, it has been clarified that these two DNA fragments ligated to the GUS gene have pro- 
moter activities predominant in flower organs. It is also found that 213p having a longer fragment has the stronger activ- 
ity. Since these promoter fragments are similar with each other in organ-specificity even though the promoter activity of 
213P Is higher than that of 213a. it is expected that a nucleotide sequence regulating the expression level (contributing 
to enhanced expression) of the RPC213 promoter will be contained in the Sacl-Hindlll 3.3 kb fragment in the 5'-side 
from 213a, which is contained in the nucleotide sequence of 2130 but not in the nucleotide sequence of 213a, or in the 
DNA sequence from Bglll to the second ATG in the 3*-side from 213a. The latter sequence is seemingly the more likely 
candidate. 
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INDUSTRIAL APPLICABILITY 

[0094] The present Invention makes it possible to genetically manipulate flower organs such as pistil and lodicule. 

SEQUENCE LISTING 



<110> Japan Tobacco Inc. 

10 

<120> A novel DNA fragnent which directs a dominant gene expression in 

f lowci^organ 

,5 <130> YCT-378 

<150> IP Application No. Heisei 10-43372 

<15i> 1998-2-25 

20 <160> 8 

<210> I 
<211> 1524 
<212> DNA 

<213> Oryza :s;ativa L. 
<400> 1 

CAAAGGCAGA AAAGAAACCC -A' ATG GCG TCT TCA GGC CTC GCA GTT GCA GCA 51 

Met Ala Ser Ser Gly Len Ala Val Ala Ala 
15 10 
ACA GCCr TCGiTCAiiGCCMGG^' CTC TGC TGC CCC AAT CAT CAC ATC CAT ACC 99 
Thr Ala Ser SeT^Ala^trpUeu Cys Cys Pro Asn His His He His Thr 

15 20 25 

AGC AGC AGC AGA TCT CGC AAG CAT CTT CTT CTC CAT GGC CTG TAC GGG 147 
Ser Ser Ser Arg Ser Arg Lys His Leu Leu Leu His Gly Leu Tyr Gly 

30 35 40 

TCT GCA CCT GCA CGT ACT AGG GGA CGA CGG CCG CCG GTG TGG ACT GCG 195 
so Ser Ala Pro Ala Arg Thr Arg Gly Arg Arg Pro Pro Val Trp Thr Ala 

45 50 55 

GCG GCG GCC ACC GCA GCA GCG CCG GCG GAC ACG GCG GCG TCG GCG CGG 243 
Ala Ala Ala Thr Ala Ala Ala Pro Ala Asp Thr Ala Ala Ser Ala Arg 
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60 65 70 

5 CGG GAG CAG GTG GAG ATC GCC CGG TCG CTG AAC GCG TGG GTG GAG GAG 291 

Arg Glu Gin Yal Glu He Ala Arg Ser Leu Asn Ala Trp Val Glu Glu 
75 80 85 90 

10 AAC ATG CTC CCG CTG CTC ACC CCC GTC GAC TCC GCG TGG CAG CCG CAC 339 

Asn Met Lea Fro Leu Leu Tbr Fro Val Asp Ser Ala Trp Gin Pro His 
95 100 105 

'5 GAC TTC CTT CCC T6C TCG GCC GCG GGC GGC GGC GAG GCG CTG GCG GCG 387 

Asp Phe Lea Pro Cys Ser Ala Ala Gly Gly Gly Glu Ala Leu Ala Ala 

110 115 120 

nC ACG GAG GGC GTG GCC GAG CTG CGC GCG GGC GCC GCC GGC GTG CCG 435 
Pbe Tbr Glo Gly VaKAla Gin Leu Arg Ala Gly Ala Ala Gly Val Pro 

125 130 135 

GAC GAG GTG CTG GTC TGC CTC GTG GGG AAC ATG GTG ACG GAG GAG GCG 483 
Asp Glu Val Leu»Va.LXys Leu Val Gly Asn Met Val Thr Glu Glu Ala 

140 145 150 

CTC CCG ACG TA'C'CAGHiGC ATG GGC AAC CGC GCC GAG GGC CTC GCC GAC 531 
Leu Pro Tbr Tyr Gin Ser Met Gly Asn Arg Ala Glu Gly Leu Ala Asp 
155 160 165 170 

GGC ACC GGC GTG-AGC CCC CTC CCC TGG GCG CGC TGG CTC CGC GGC TGG 579 
Gly Thr Gly Val Ser Pro Leu Pro Trp Ala Arg Trp Leu Arg Gly Trp 

175 180 185 

ACC GCC GAG GAG AAC CGC CAC GGC GAC CTC CTC AAC CGC TAC CTC TAC 627 
Thr Ala Glu Glu Asn Arg His Gly Asp leu Leu Asn Arg Tyr Leu Tyr 
45 190 195 200 

CTC TCC GGC CGC GTC GAC ATG CGC CAG GTC GAG GCC ACC GTG CAC CGC 675 
Leu Ser Gly Arg Val Asp Met Arg Gin Val Glu Ala Thr Val His Arg 
» 205 210 215 

CTC CTC CGC AAC GGC ATG GAG ATG CTG GCG CCG GCG AGC CCG TAC CAC 723 
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Leo Leu Arg Asn Gly Met Glu Met Leu Ala Pro Ala Ser Pro Tyr His 

220 225 230 

GGC CTG ATC TAC GGC GCG HC CAG GAG CGC GCC ACC TTC ATC TCC CAC 
Gly Leu He Tyr Gly Ala Phe Gin Glu Arg Ala Tbr Phe He Ser His 
235 240 245 250 

GGC CAC ACG GCG AGG CTC GCG GGG CAG CAC GGC GAC CGG GCG CTC GCC 
Gly His Tlir Ala Arg Leu Ala Gly Gin His Giy Asp Arg Ala Leu Ala 

255 260 265 

AAG ATC TGC GGC GTG ATC GCC GCC GAC GAG AGG CGG CAC GAG GCG GGC 
Lys He Cys Gly Val He Ala Ala Asp Glu Arg Arg His Glu Ala Gly 

270 275 280 

TAC ACG ATG GCG TCC GCC AGG QG TTC GAG CTC GAC CCG GAC GGC ATG 
^ Tyr Thr Met -Ala Ser Ala Arg Leu Pbe Glu Leu Asp Pro Asp Gly Met 
285 290 295 

GCG CGC GCG CTG GCG GAC GTC ATG CGC GGG AAG GTG ACC ATG CCG GGG 
Ala Arg Ala Leu Ala Asp Val Met Arg Gly Lys Val Thr Met Pro Gly 
300 305 310 

. CAG CTC ATG TCG GAC GGC CGC GAC GGC GAC GGC GAG CAC AGC CTG TTC 
Gin Leu Met Ser Asp Gly Arg Asp Gly Asp Gly Glu His Ser Leu Phe 
315 320 325 330 

GCC CGG TTC TCC GCC GTG GCG GAG CGC GCC GGC GTG TAC ACG GCG AGG 1059 
Ala Arg Phe.Ser Ala Val Ala Glu, Arg Ala Gly Val Tyr Thr Ala Arg 

335 340 345 

GAC TAC GGC GAA CTC GTC GAG CAC HC GTG CGG AGG TGG CGG GTG GCG 
Asp Tyr Gly Glu Leu Val Glu His Phe Val Arg Arg Trp Arg Val Ala 

350 355 360 

GAG CTC GCG GCG GGG CTC TCC GGC GAG GGC CGA CGC GCG CAG GAG TAC 
Glu Leu Ala Ala Gly Leu Ser Gly Glu Gly Arg Arg Ala Gin Glo Tyr 
365 370 375 
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CTG TCC GGG TTG GCG CCC AAG ATC CGG AGO ATG GAG GAG CTG GCC CAC 1203 
Leu Cys Gly Leu Ala Pro Lys He Arg Arg Met Glu Glu Leu Ala His 

380 385 390 

CGG AGG GCG GCC CGC ATC GAG CCC GCT ATG GCC CGT HC AGC TGG ATC 1251 
Arg Arg Ala Ala Arg He Glu Pro Ala Met Ala Arg Phe Ser Trp lie 
395 400 405 410 

nC GAT AGG CCC GTC ATG CTG GGC TGA TCAACCCGGG GCnCGGTTA TGGTTTT 1305 
Phe Asp Arg Pro Val Met Leu Gly 
415 

ATGGGCCCGT TTACTGGGCT CTCCTTGCTC AAATTATAAT AAGCTACATC GTGTGCTAAA 1365 
ATAATHATC TTTGTTATTA AGGATTCGTG TGAGAAAGCT ATTTTGTrrT CTGTACCAAG 1425 
THAGGAATG TAATGTAATG TAATGAAGCG GCAGGACGAC TGCCAHTGA TTAAGAAAAG 1485 
ACTCGCGCTT GTHGTAGTC CAAAAAAAAA AAAAAAAAA 1524 

<210> 2 
<211> 5396 
<212> DNA 

<213> Oryza sativa L 
<400> 2 

GAGCTCATGT GACCGTTCTC GGTGAGTTCA GAGATAACGT TTAGACTTCC CTTATCAGCC 60 

TCGTGCGGGC ACCTATAGCG TTTGTCTGAG TCAATCTCCG ATGTCAGCCA AGAAAGAACA 120 

GAGCATACGA GTAAATCTCC CGTCHGCTG TAATCAAGAA TTTGGAHGA AGTCAAGAAA 180 

HTTATCTCG GCAGGTACAC CATCTCTTCA TTCCGTATTC CTTGTCGAGA TCCACCAACC 240 

GTTCTCGAGT GATCGAGAAG GTGTAGAATC TGCGACGGAG CTTTGTCGAC AHTGTCGTA 300 

CTCGCCTTAG TCGATCTTGG TGTAGAACCA TAGAGACATG GAGCCTTCGT CAATGTCGAA 360 

TAGAATTHC CTGAAATCAA TACTCATAAA AGAATAHAG ATAGAAATAA CCCCCGAGCG 420 

AACGCTCAAA GGGTAACATG HATACAATG TATGGAAAAC TGAAAATGAA HAAAHTAC 480 
AGACCAATGT TTTGTATATG AGCGTCTACT CTTTTACCGA CTTCGATCAG TCAATHGTT 540 
AAGTTATATA CTTTCCCTAG CCCCTAGCCT TGTCGHGGA GAATCGTTCT CCGAAGATAA 600 
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GGCTCTTGGA CCTTTGACCT GCCTCGGTTG AACAAGCACT AATCCTAGCC CCCAGCCGTG 660 
s AAGTTGGAAA ACCCGATHC CGATTACACG GCTTGGTTAA TACGCACGGC GAGAACTCTT 720 

ACACGACCAG ATCTTACATG GTCmiGTC TCTACAGTAT CCGACAAGGC CTTATTGGCT 780 
CTGGGCGTCC CCAGCCGAAG TTCCCTTAGG TTCCTCGGAG GCCTTGTCAA GACGGTGTAA 840 
10 AGGGACAGTA GGATAGGTTT CAACGCTAGG TGTCATCGTG GTAAGGGATC TCTGGGTAAA 900 

ACACTTGGCG ATCTTGTGTA CCTGATATCA ACHTGnGG AGTAAAGGTA ATGGGAGAAT 960 
CGCTACACCT aGGTTGAGG ACCAGGTGGT AGTCGCAACT CGACCACHG AA6TAGAAAT 1020 
'* AGTGGGAGAA TCGCTACACC GCTGGTCGAG AACCAAGTAG TAGTCTAAAC TC6ACCACTA 1080 

GAATTAAAGG TAGTGGGAGA ATCGCTACAC CGCTGGTCGA GAACTAGGTA TAGTCTAAAC 1140 
TCGACCACTA GAAGTAAAGG TAGTGGGAGA ATCGCTACAC CGCTGGTCGA GGACCAGGTA 1200 
GTAGTCGTAA CTCGACCACT AGAAGTGGAA ATAGTGGGAG AATCGCTACA CCGCTGGTCG 1260 
AGAACCAGGT GTAATCTAAA CTCGACCACT TGAAGTAAAT GTGCGAGAGA TCGCTACGAT 1320 
TGACGGGTCT AGAACCAGTGfAGTAGGTGTC TCTCAACCAT CTTAAGTCAT GGTGCGAGGA 1380 
CTGCTGCGTT AHGCTCTAG TCGTACCTCG ACCATCTAAA GHAAGGTGC GAGAGAHGC 1440 
TACGTTTTAC TAGTTCAAGA ACCAGCGAGC GAGTAGAATT ATCTCTCGAA CACCAATGAA 1500 
AGTTGCGGTG CGAGAGATTG CTACGTACTG GTTCGAGGAC CATCGAGCGA GTAGAATTAT 1560 
CTCTCGAACA CCAATGGAAG nGCGGTGCG AGAGATTTCT ACGTACTGGT TCGAGAACCA 1620 
GCGAGCGAGT AGAATCATCT CTCGAACACC AATGGAGGTT GCGGTGCGAA AGATTAATAT 1680 
GCACTGGTTC GAGGACCAGC GAACGTGTAG AGTTATATCT CGAACACCAA TGGAAGnCC 1740 
GGTGCGAGAG AHGCTACGT ACTAGTTCGA G6ACCATCGA GCGAGTAfiAA TTATTTCTCG 1800 
AACACCAATG GAAGTTGGGG TGCGAGAGAT TGCTACGTAC TGGTTCGAGA ACCAGCGAGC 1860 
40 GAGTAGAAn ATCTCTCGAA CACCAATGGA AGTHGCGGT GCGAGAGAH 6CTACGTACT 1920 

GCnCAAGAA CCATGGAAGT TGCGGTGCGA GAGATHCTA TGTACTGGH CGAGGACCA6 1980 
GGAGCGAGTA GAATIATCTC TCGAACACCA ATGGAAGTTT GCGGTGCGAG AGATTGCTAC 2040 
GTACTGGTTC GAGAACCAGT GAATGTGTAG AGTTATCTCT CGAACACCAA TGGAGGTTGC 2100 
GGTGCGAGAG ATTGCTACGT ACTGGnCGA GAACCAGCGA ACGTGTAGAG TTATCTCTCG 2160 
AACACATGGA GGTTGCGGTG CGAGAGATTG CTACGTACTG GTTCGAGGAC CAGTGAACGT 2220 
GTAGAGHAT CTCTCGAACA CCAATGGAGG TGCTAGAGTT GGTTTATTAC ATATGCGTCT 2280 
CATGTGGCCA GCATGACTCA CACACCCAAC TTGTAGCATA TCCGGATGTC TGTTCGCAAG 2340 
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CATGTCGGGT GATCAAGCCG ACAGCGCTCG CGAGGAAHA TCCGHAACA ACCTHTCTC 2400 
GAGTAGTCTA GCCATGGCGG GTGCTATGAG ATAGGTCGTC GGTCnCGTT GGTGGGTTGG 2460 
GCGTGACGAC TTTGCATTTG TCGAGATCGT TCTCGATAAT GCGGTGTACT TGACCACAAC 2520 
CTAGTCGACT GCTCAAHGT TCCTGAAAAA TATTHCTAG AAGACAAGAC ATATAGCAGA 2580 
TAATATCGAG TATGTACTCA GAAAACTGCA TGGATCnCT AGTATTATCA GGATGTAACG 2640 
AGCAGATGTA AATATTAGGC AHATCTAAA CCGTAAACAA GCAT6ATTCA TACAAAAGAG 2700 
AATAGAGCGA GCCCCA6TGT TAGACCGHG TCGGCCTAAC ACCGGAAACA CTCACATAAT 2760 
AAATAHGTA TAAAAAACAT GCTCTAGGTA AACATAATAA ATTATAHAT AGATCTGACA 2820 
AnCTGTATC ATCTGAATAG GTACGATAAA HGCATATAA AATATTGCGT ACCTTTGTAG 2880 
ATACATGCCG GATGTATCTA CGAAATTAGI AGATTCAATC TACTGAATAC CTTTGCCnC 2940 
TTGGTGAGGA ACAGCAACTC CTTAATATGC rTTTGCGTGC ATGGTACTGT CCCCCGT6CA 3000 
CGTACCATGT AATCTGGTCA THAATTGAC CTGTTTGTCT TTAGCCCC6A GTCAGATTGC 3060 
TGCCTAGAGA nOGATAGTA GTGCAGACGT GGAAACTCCC CGAGTCC6AC TAGCATTTAC 3120 
ACCAATAAGC AGATCAATCC GACGCTTT6A mCCGCTCC ACGACGCGCT TGTTTT6TTG 3180 
GTGGAGATCG ATGCC6TGTT CG6CTTGGAC. GCGGTTAATC GAGCCCTCCA CCAGTTGATG 3240 
TGGCGCGTGT ATTGGTACTG ATCAATCTCG AAGGTTGTCT GCACTGTTGA TTGACAACCT 3300 
CAAAATTGAC GTCATCCACG GCAHGACGT CHGAAGCTT GAGCGATCCT GATAAATCGA 3360 
ATTTGTTGAC GACGATTGTT CCGATCTCGT CGGGACACGT ATiaGGTAG GTTTAGATCA 3420 
CCCAACAGCG AAGTTGTCGA GTAGATTGTT 6TCGGAGAAT CCATCTCTTA AACCCATCTC 3480 
GTCGAAATCC TGAAGCACCA AAATCCCCCT ACCTGGCGTG CCATTATCGA CGTTTGATGT 3540 
CTCGACTACG GTATTTGCAT GTCATGGGGG ATCGTTGGTA CTAGGATATA CGCGAGACTG 3600 
ACGTAAAAGA GATGCAGACA GGGATTTTTA TACAGGTTCG GGCCCCTGAA TTGTCATATA 3660 
ATAACCCTAC ATCCTGTTGG CCGAAGCCGG TATTGCTCTT ATTCATGATA ATCACACCAT 3720 
TACAATAm AGGGTAGCCT ATCTAACTAT TGTCGACATG GCGGTCTGAC GATCTGACTC 3780 
GTAGTCGACA ACAGGGTAGC CnCCTCCTC GAACCTGTGC CTGACGAGAT CAGAGATAGC 3840 
GCniCGTCT CTCCTGACAG TATCCTGAGA CACCGTAGGG GACHGTCGT GCCTATCTCT 3900 
GAAGTCGATA TCCGGCGTCT TGTCnGGCG TATGTTGGCT TGTATTGGCT TGTGGCTTTG 3960 
TGCCGTHAT GnGCTCGTA TATTGTGGTG GGTGTGTATT GTCCGTGTCT TGTATGGTGG 4020 
GTGTCGATTG TGTCCCATn CCTTCTAGGG GACCTTGTAT HATACCCAT AGGTGTCCCC 4080 
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TTGTCCAAGT AGAACTAGGG AAACCAATAT GGATACAATC CGAHAGTCC HTCTCGnT 4140 
CCATGTAGAA CTTTGCnGT CTTTCTTTAT CCGCAACTCC TCCTATATCC GCAGGTTAn 4200 
TTCGTATAGG ACATGTTATG TGGTGGGTCC TACCGAGATT TAGTCAACTA CTATTAGGTA 4260 
TGTGGTATCC ATAACCCTGA CACATACCAT GATTnTCTG TCTATCAATA ACTGCCTCGG 4320 
TGAACTTGAA GAAGTAGGTT GnAHGCAG CAATAATGAG ACAAACTAGT AniATTTAT 4380 
GATATCCCTT GGHAAGTAG TCATGCGTTA TAATAGGAAC CTCTAAnCC CTCGTAAATA 4440 
CAGCTAAGIT TAHATAACA AGAGCTTTAA TAATATTAAA ATTGTAGCCT TTTTTGGAn 4500 
TGTACGAAAT AAHAGCCTT AAAAAACATT TAATCTTGGT TACaCAAAA TATTTGGAAA 4560 
TGGACTGAGT ATATGTTACT GACHCAAAA AHTTTCAAA CGGTATTCAT GTCGTHTCG 4620 
TGAGTGGACT GAAACAGCAG TAATTACATT GAACATTTGA ACACCTGTAT AAAGTATTAA 4680 
ATATATACTA AAAAATAATT AATTATACAT ATTACGACTA ATHGCAAGA CGAATCTHT 4740 
AAGCATAATT GCTCCATGAT TTAACAATAT AGTGCTACAG TAAACATGTG CTAATGACGG 4800 
ATTAATTAGG CTTAATAAAT TCGTaCACG THACTGACG GATTCTATAA TTGATTniT 4860 
TATTAATGCC CAAACACCCC ATACAACACT CTATATAATA CTCAATGTGA CGTGCCAAAA 4920 
CTTTAGACAC CTGGATGTAA ACACCACTCT GTTCCTTCTC aCTATAAAT GGCACCGGGG 4980 
. XGCniGTCG GCACCAAAGG CAGAAAAGAA AGCCA ATG GCG TCT TCA GGC CTC 5033 

Met Ala Ser Ser Gly Leu 
1 5 

GCA Gn GCA GCA ACA GCC TCG TCA GGC TGG CTC TGC TGC CCC AAT CAT 5081 
Ala'Val Ala Ala Thr Ala Ser Ser Ala Trp Leu Cys Cy$ Fro Asn His 

10 16 20 

CAC ATC CAT ACC AGC»AGC*AGC AGA TCT CGC AAG CAT CH CTT CTC CAT 5129 
His He His Thr Ser Ser. Ser Arg Ser::Arg Lys His Lea Leu Leu His 

25. 30 35 

GGC CTG TAG CGG TCT GCA CCT GCA CGT ACT AG[G TATAGTAGCT 5172 
Gly Leu Tyr Gly Ser Ala Pro Ala Arg Thr Arg 

40 45 
GCAACTTTAT TCACAATGTG ATGTCACGTT ATTATATATG HTCGTCGTC AATGGCGGCG 5232 
AACCnGCA6]G GGA CGA CGG CCG CCG GTG TGG ACT GCG GCG GCG GCC ACC 5282 
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Gly Arg Arg Pro Pro Val Trp Thr Ala Ala Ala Ala Thr 
50 55 60 

GCA GCA GCG CCG GCC GAC ACG GCG GCG TCG GCG CGC CCG GAG CAG GTG 5330 
Ala Ala Ala Pro Ala Asp Tbr Ala Ala Ser Ala Arg Arg Glo Gin Val 

65 70 75 

GAG ATC GCC CGG TCG CTG AAC GCG TGG GTG GAG GAG AAC ATG CTC CCG 5378 
Glu He Ala Arg Ser Leu Asn Ala Trp Val Glu Glu Asn Met Leu Pro 
15 80 85 90 

CTG CTC ACC CCC GTC GAC 5396 
Leu Leu Tbr Pro Val Asp 
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95 100 

<210> 3 

<21l> 20 

<212> DNA 

<213> Arti'fic4'al Sequence 

<400> 3 

CGCTATGGCC CGTTTCAGCT 20 



<210> 4 
<211> 21 
<212> DNA 
<2I3> Artificial Sequence 
<400> 4 

45 GTCGTCCTCC CGCTTCATTA C 21 



<210> 5 
<21l> 19 
<212> DNA 
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<213> Artificial Seqaence 
<400> 5 

TGCTGGTATG GATGTGATG 19 

<210> 6 
<211> 18 
<212> DNA 

<213> Artificial Sequence 
<400> 6 

CTGACGAGGC TGTTGCTG 18 



<210> 7 
<211> 22 
30 <212> DNA 

<213> Artificial Sequence 
<400> 7 

r GACGTGATCC ACGGCATTGA CG 22 



40 ? <210> 8 

<211> 27 



45 



<212> DNA 
<213> Artificial Sequence 
<400> 8 

« CGGGGATCCG TTCTCCTCCA CCCACGC 27 
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Claims 



1. A DNA fragment comprising the sequence of positions 3335 to 5108 in Vne nucleotide sequence represented Isy 
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SEQ ID NO:2 in Sequence Listing, a part of said sequence or a sequence derived from said sequence by deletion, 
substitution, insertion or addition of one or more nucleotides and having a promoter activity. 

2. A DNA fragment as claimed in Claim 1 . wherein a part of the sequence of positions 3335 to 51 08 in said nucleotide 
5 " sequence represented by SEQ ID NO:2 is located downstream of the point of at least 500 nucleotides upstream of 

the transcription initiation points (the nucleotides of positions 4995 to 4997 in said nucleotide sequence repre- 
sented by SEQ ID NO:2). 

3. A DNA fragment as claimed in Claim 1 . wherein a part of the sequence of positions 3335 to 51 08 in said nucleotide 
10 sequence represented by SEQ ID NO:2 is located in the region upstream of the first initiation codon (the nucle- 
otides of positions 5016 to 5018 in said nucleotide sequence represented by SEQ ID NO:2). 

4. A DNA fragment as claimed in Claim 3. wherein said region upstream of the initiation codon is located downstream 
of the point of at least 500 nucleotides upstream of the transcription initiation points. 

IS 

5. A DNA fragment as claimed in Claim 1 . wherein a part of the sequence of positions 3335 to 51 08 in said nucleotide 
sequence represented by SEQ ID NO:2 is located in the region upstream of the transcription initiation points (the 
nucleotides of positions 4995 to 4997 in said nucleotide sequence represented by SEQ ID NO:2). 

20 6. A DNA fragment as claimed in Claim 5. wherein said region upstream of the transcription initiation points is the 
region of at least 500 nucleotides upstream of the transcription initiation points. 

7. A DNA fragment comprising the sequence of positions 3335 to 5108 in the nucleotide sequence represented by 
SEQ ID NO:2 in Sequence Usting or a sequence derived from said sequence by deletion, substitution, insertion or 

2S addition of one or more nucleotides and having a promoter activity. 

8. A DNA fragment comprising the sequence of positions 1 to 5369 in ttie nucleotide sequence represented by SEQ 
ID NO:2 in Sequence Usting, a part of said sequence or a sequence derived from said sequence by deletion, sub- 
stitution, insertion or addition of one or more nucleotides and having a promoter activity. 

30 

9. A DNA fragment as claimed in Claim 8. wherein a part of the sequence of positions 1 to 5369 in said nucleotide 
sequence represented by SEQ ID NO:2 is located downstream of the Hindlll site (the nucleotides of positions 3335 
to 3340 in said nucleotide sequence represented by SEQ ID NO:2). 

35 10. A DNA fragment as claimed in Claim 8. wherein a part of the sequence of positions 1 to 5369 in said nucleotide 
sequence represented by SEQ ID NO:2 is located downstream of tiie point of at least 500 nucleotides upstream of 
the transcription initiation points (tiie nucleotides of positions 4995 to 4997 in said nucleotide sequence repre- 
sented by SEQ ID NO:2). 

40 11 A DNA fragment as claimed in Claim 8, wherein a part of the sequence of positions 1 to 5369 in said nucleotide 
sequence represented by SEQ ID NO:2 is located upstream of the third Bglll site (tiie nucleotides of positions 5103 
to 5108 in said nucleotide sequence represented by SEQ ID NO:2). 

12. A DNA fragment as claimed in Claim 8, wherein a part of the sequence of positions 1 to 5369 in said nucleotide 
45 sequence represented by SEQ ID NO:2 is located in the region upstream of the first initiation codon (the nucle- 
otides of positions 5016 to 5018 in said nucleotide sequence represented by SEQ ID NO:2). 

13. A DNA fragment as claimed in Claim 8. wherein a part of the sequence of positions 1 to 5369 in said nucleotide 
sequence represented by SEQ ID NO:2 is located upsfream of transcription initiation points (the nucleotides off 

50 positions 4995 to 4997 in said nucleotide sequence represented by SEQ ID NO:2). 

14. A DNA fragment comprising tiie sequence of positions 1 to 5369 in tiie nucleotide sequence represented by SEQ 
ID N0:2 in Sequence Usting or a sequence derived from said sequence by deletion, substitution, insertion or addi- 
tion of one or more nucleotides and having a pronrxrter activity. 

15. A chimeric DNA sequence comprising a DNA fragment having a promoter activity as claimed in any off Claims 1 to 
14 and a desired structural gene under control off the promoter acitivty. 
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16. A transformation vector having a chimeric DNA sequence as claimed in Claim 15. 

17. A DNA fragment having a flower organ-specific promoter activity which is hybridizable with the sequence of posi- 
tions 1 to 5369 in the nucleotide sequence represented by SEQ ID NO:2 in Sequence Listing or a part of said 

5 sequence having a flower organ-specific promoter activity. 

18. A DNA fragment as claimed in Claim 1 7, wherein said hybridization is performed under conditions with a moderate 
hybridization intensity. 

10 19. A flower organ-specific promoter sequence which can be identified from among DNA sequences obtained by 
screening a genomic library of rice or another plant by using as a probe the nucleotide sequence represented by 
SEQ ID NO:1 in Sequence Listing or a part of said sequence. 

20. A flower organ-specific promoter sequence as claimed in Claim 19. wherein said screening is performed via hybrid- 
IS ization under conditions with a moderate hybridization intensity. 

21 . A DNA fragment comprising a sequence having at least 1 5 consecutive nucleotides in the sequence from positions 
22 to 1278 of the sequence represented by SEQ ID NO:1 in Sequence Listing or a nucleotide sequence oomple- 
mentary to said sequence. 

20 
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Fig* I 

Noxrthern hybridizat:ion analysis of RPC213 gene 
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B 

Fig. 2 

Reverse t:ranscrlption PCR analysis of RPC213 

When 1 ng of template cDNA was used (A), faint bands 
were observed in the lanes of mature pistil and palea 
and lemma (not clear in the above photograph)* 
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CTAATCACCG ATTAATTAGG CTTAATAAAT TCGTCTCACG TTTACTGAC C GATTCTATAA 

213D 

TTGATTTTTT TATTAATGCC CAAACACCCC ATACAACACT CTATATAATA CTCAATGTGA 
213C 

CGTCCCAAAA CTTTACACAC CTGGATGTAA ACACCACTCT GTTCCTTCTC CTC TATAAAT 

213B 

GCCACCCGGG TGGTTTCTC G GCACGBSaCG CACAAAAC AA AGCCAgigGC GTCTTCAGGC 

213A X 
CTCGCAGTTG CAGCAACAGC: CTCCTCACPr TGGCTCTGCT GCCCCAAT CA TCACATCCAT 

ACCAGCA GCA GC ACATCT 
Bgin 

Fig. 4 

Nucleotide seijuence around iranscrlp-t-lon Initiation point of 
RPC213 

°MucleotliltBi«Sfc(uence of 3 '-region of RPG106Bglll 2.3 kb. 
Primers, employed in RT>PCR analysis and primer extension 
analysis are»under lined. Arrow shows the 5'- 
terminiis (C): of RPC213. Transcription initiation 
points are shaded, TATA box-like sequence is double- 
underlined, and the first initiation codon is framed. 
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21 3Z 213Z-2 




Fig. 5 

Determination of transcription initiation points of RPC213 
M: 10 bp, 50 bp ladders, ISs immature spikelet, 
L: leaf. 

Arrows: primer extension products (IS lane).' 
Nucleotide sequences decoded from sequence ladders 
are given* in both sideti and transcription initiation 
points are circled. 
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pYOT213;3 G 



CO 




organ organ 

Fig. 7 

Analysis of expressilon of 213 promoter in various organs 



Formed on the& basis of GUS expression analysis data 
given in Tabie 2. 

The abscissa refers to the organs of the trans formants 
used in examining the GUS expression while the ordinate 
refers to the number of individuals showing the 
expression. 

^2 strong expression moderate to weak expression 

very weak expression and Q s no expression 
Lx leaf, Rs root, P: pistil. A: anther, 

RO: lodicule, G: palea and lemma, and BS: spikelet base. 
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B 



Fig. 8 

Analysis of GUS expression by 213 promo'ter 
As expression of 213aG-4 in pistil. 
B: expression of 213PG-6 in flower organ. 
Cs expression of 213^6-17 in pistil. 
D: expression of 213pG-17 in leaf and root* 
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